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HsimsM /l96Bt */* tlso oays say £0 sun ffcssc* tlio afw©
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Fig. 1. Map of portion of mid-Atlantic Bight 
showing generalized bathymetry and 
areas covered by depth grid and ray 
diagrams.
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XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX SOURCE PROGRAM XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
* 8 8
1 6 2 0 ,  FORTRAN I I *  COMPUTATION OF WAVE VELOCITIES*FEET/SECOND) AS COMPV
A FUNCTION OF WATER DEPTH( FEET) AND WAVE PERIOD(SECONDS) .  COMPV
THEORY FROM H . O .P U B .2 3 4 ( 1 9 4 4 ) ,  PROGRAMED BY W.S.WILSON* COMPV
JUNE 1 7 ,  1 9 6 4 .  COMPV
DIMENSION CXX ( 1 0 2 5 )  COMPV
TANHF(X) * (EXPF(X)-EXPF(-X )  ) / ( EXPF( X) +EXPF( - X ) ) COMPV
P = 3 . 1 4 1 5 9 2 7  COMPV
G = 3 2 . 2  COMPV
READ 10 *NOTT COMPV
10 FORMAT (1 3 )  COMPV
DO 1000 NOT=l*NOTT COMPV
READ 20 * TT COMPV
20 FORMAT ( F 5 . 1 )  COMPV
XL = 0.5*G*< T T * * 2 . 0 ) /< 2 . 0 * P ) COMPV
L = XL COMPV
CXXO = TT*G /( 2 • 0 * P ) COMPV
CCC = 5 . 5  COMPV
BAR » 2 • 0*P/TT COMPV
DO 2000 K=1*L COMPV
DEP * K COMPV
DO 3000  M=1*90 COMPV
CXX(K) * CXXO*TANHF(<BAR*DEP) /CCC) COMPV
IF (ABSF(CXX(K)-CCC)- . 0 0 0 5 )  5 * 3 0 0 0 ,3 0 0 0  COMPV
3000 CCC * (CXX(K)+CCC)/2 .0  COMPV
5 IF (SENSE SWITCH 1) 4*3 COMPV
4 TYPE 9 0 0 * K *M COMPV
900 FORMAT ( 2HK=* 15 *3H*M=* 13) COMPV
3 VALUE = CXX( K) COMPV
CALL ROUND (VALUE*100.) COMPV
2000 CXX(K) a VALUE COMPV
PUNCH 100* TT * L COMPV
100 FORMAT (8HPERIOD = ,F 5 . 1 * 2 5 H  SECONDS* MAXIMUM DEPTH =*I5*7H* FEET.)COMPV 
PUNCH 200 COMPV
200 FORMAT ( / 5 ( 5HDEPTH * IX *6HVELCTY *3X) / )  COMPV
PUNCH 3 0 0 * (K,CXX(K>*K*1*L) COMPV
300 FORMAT ( 5 ( I 5 * F 7 . 2 *3X))  COMPV
PUNCH 700 COMPV
700 FORMAT ( / / / )  COMPV
1000 CONTINUE COMPV
TYPE 800 COMPV
800 FORMAT (16HTHIS IS THE END.) COMPV
END COMPV
* 8 8
SUBROUTINE ROUND (VALUE*DEC) ROUND
C PROGRAMED BY W.S.WILSON, JULY 1 8 ,  1 9 6 4 .  ROUND
I VALUE = VALUE * DEC * 1 0 .  ROUND
IF ( IVALUE) 1 0 0 , 1 0 4 , 1 0 0  ROUND
104 VALUE a 0 . 0  ROUND
01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
01
02
03
04
05
-**■ l i f i  * *
GO TO 103 ROUND 06
JVALUE * VALUE * DEC ROUND 07
XVALUE * IVALUE ROUND 08
XVALUE * XVALUE /  10# ROUND 09
YVALUE = JVALUE ROUND 10
IF ((XVALUE -  YVALUE) -  0*5)  1 0 2 * 1 0 1 .1 0 1  ROUND 11
101 VALUE * (YVALUE + 1.) / DEC ROUND 12
GO TO 103 ROUND 13
102 VALUE * YVALUE / DEC ROUND 14
103 RETURN ROUND 15
END ROUND 16
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX INPUT XXX XX XXXXXXXX X XX xxxx x xxxxxxxxxxxxxxx
1 NOTT
4.0 TT
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx OUTPUT xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
PERIOD * 4.0 SECONDS. MAXIMUM DEPTH = 40. FEET.
DEPTH VELCTY DEPTH VELCTY DEPTH VELCTY DEPTH VELCTY DEPTH VELCTY
1 5.60 2 7.82 3 9.45 4 10.77 5 11.87
6 12.83 7 13.67 8 14.40 9 15*06 10 15.65
11 16.17 12 16.64 13 17.07 14 17.45 15 17.79
16 18.10 17 18.37 18 18.62 19 18 . 84 20 19.04
21 19.22 22 19.37 23 19.51 24 19 . 64 25 19.75
26 19.84 27 19.93 28 20.00 29 20.07 30 20.12
31 20.17 32 20.22 33 20.26 34 20.29 35 20.32
36 20.34 37 20.36 38 20.38 39 20.40 40 20.41
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XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX SOURCE PROGRAM XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
8 8
10
40
20
100
30
1
1000
2
7
2000
200
5000
3000
4 0 0
1 6 2 0 ,  FORTRAN I I #  DISTRIBUTION OF WAVE VELOCITIES( GRID UNITS/ DISTV 01
SECOND) OVER A GRID OF DEPTHS< FEET OR FATHOMS) AS A FUNCTION DISTV 02
OF WAVE PERIODCSEC.) , PROGRAMED BY W.S.WILSON, MAY 1 9 ,1 9 6 4 *  DISTV 03
DIMENSION CXXC1025),CMAT(200) DISTV 04
READ 4 0 ,  MM,NN, FMOP, GRID, TT DISTV 05
FORMAT ( 1 4 , 1 4 , F 2 . 0 , F 7 . Q , F 5 . 1 )  DISTV 06
XL = 0 * 5 * 5 * 1 T 8 * (T T * * 2 .Q )  DISTV 07
L = XL DISTV 08
READ 2 0 ,  ( CXX( K ) , K* 1 » L ) DISTV 09
FORMAT ( 5 ( 5X,F7* 2 • 3X))  DISTV 10
PUNCH 1 0 0 , TT,GRID DISTV 11
FORMAT ( 8HPERI0D = ,F 5 * 1 , 1 7 H  SEC.,GRID SIZE * » F 7 * 0 ,6 H  F E E T . / )  DISTV 12
DO 3000  J  = 1 ,  N N DISTV 13
READ 3 0 ,  ( CMAT( I ) , I - 1 , MM) DISTV 14
FORMAT ( 1 0 F 4 . 1 )  DISTV 15
IF (FMOP) 2 , 2 , 1  DISTV 16
DO 1000 1 = 1 , MM DISTV 17
CMAT(I) * 6* 0*CMAT( I ) DISTV 18
DO 2000  1 = 1 , MM DISTV 19
NVALUE = 1 DISTV 20
IF  ( CMAT ( ! ) )  3 , 2 0 0 0 , 4  DISTV 21
CMAT(I) = - ( CMAT( I ) )  DISTV 22
NVALUE = 2 DISTV 23
IF  ( CMAT( I ) —XL) 6 , 6 , 5  DISTV 24
CMAT(I) * XL DISTV 25
XK * CMAT( I ) DISTV 26
K s  XK DISTV 27
CMAT(I) = CXX(K)/GRID DISTV 28
CALL ROUND ( CMAT( I ) , 1 . E 8 ) DISTV 29
GO TO ( 2 0 0 0 , 7 ) , NVALUE DISTV 30
CMAT( I )  * - ( CMAT( I ) )  DISTV 31
CONTINUE DISTV 32
MM5 * MM/5 DISTV 33
1 1 = 1  DISTV 34
DO 5000 JMS 1,MM5 DISTV 35
JX = I I - l  DISTV 36
JY = J - l  DISTV 37
I I I  = 1 1+4 DISTV 38
PUNCH 2 0 0 , (CM A T(I) , 1 = 1 1 , 1 1 1 ) , T T , JX , JY DISTV 39
FORMAT ( 5 ( F 1 0 . 8 , 3 X ) , 2 X , F 5 . 1 , 1 4 , 1 4 )  DISTV 40
I I  = I I I + l  DISTV 41
CONTINUE DISTV 42
CONTINUE DISTV 43
TYPE 4 0 0 , TT DISTV 44
FORMAT ( F 5 * 1 ,2 0 H  SEC.GRID COMPLETED*) DISTV 45
PAUSE DISTV 46
PUNCH 300 DISTV 47
W  .3 ^  #■
300  FORMAT ( / / / )  DISTV 48
GO TO 10 DISTV 49
END DISTV 50
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX INPUT XX XX XX X XX XXX X X XXXXX X X XXXXXXXXXX XX X XX
20 3 0 3040 . 4 .  0
1 5 . 6 0 2 7*82 3 9*
6 1 2 . 8 3 7 1 3 . 6 7 8 14*
11 16*17 12 1 6 . 6 4 13 1 7 .
16 1 8 . 1 0 17 1 8 . 3 7 18 1 8 .
21 19*22 22 1 9 . 3 7 23 1 9 .
26 1 9 . 8 4 27 1 9 . 9 3 28 2 0 .
31 2 0 . 1 7 32 2 0 . 2 2 33 2 0 .
36 2 0 . 3 4 37 2 0 . 3 6 38 2 0 .
- 0 0  - 0 0 - 0 0  - 0 0 - 0 0  '- 0 0  - 0 0 —0 0 - 0 0 - 4 1
- 3 2  - 2 4 - 0 9  027 030 040 043 045 051 055
- 0 0  - 0 0 - 0 0  - 0 0 - 0 0 - 0 0  - 0 0 - 0 0 - 0 0 - 4 3
—32 —22 008 025 030 039 043 04 5 051 056
- 0 0  - 0 0 - 0 0  - 0 0 - 0 0 - 0 0  - 0 0 - 0 0 - 4 8 - 4 3
- 3 0  - 1 5 020 030 036 042 045 049 055 057
MM , NN » F MOP * GR ID ♦ T T 
45 4 1 0 . 7 7  5 1 1 . 6 7
40 9 1 5 . 0 6  10 1 5 .6 5
07 14 17*45 15 1 7 . 7 9
62 19 1 8 . 8 4  20 1 9 . 0 4
51 24 1 9 . 6 4  25 1 9 .7 5
00 29 2 0 . 0 7  30 2 0 . 1 2
26 34 2 0 . 2 9  35 20*32
38 39 2 0 . 4 0  40 2 0 . 4 1
0000
1000
0001  
1001
0002  
1002
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX OUTPUT XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
PERIOD * 4 . 0  SEC.,GRID SIZE = 3 0 4 0 .  FEET*
0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 4 . 0 0 0
0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 - . 0 0 6 7 1 3 8 2 4*0 5 0
- . 0 0 6 6 5 1 3 2 - . 0 0 6 4 6 0 5 3 - . 0 0 4 9 5 3 9 5 ♦00655592 . 0 0 6 6 1 8 4 2 4*0 10 0
. 0 0 6 7 1 3 8 2 .0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 4 . 0 15 0
0 . 0 0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 4 . 0 0 1
0 . 0 0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 - . 0 0 6 7 1 3 8 2 4 . 0 5 1
- . 0 0 6 6 5 1 3 2 - . 0 0 6 3 7 1 7 1 .0 0 4 7 3 6 8 4 . 0 0 6 4 9 6 7 1 .0 0 6 6 1 8 4 2 4 . 0 10 1
. 0 0 6 7 1 0 5 3 • 0 0 6 7 1 3 8 2 * 00671382 *00671382 .0 0 6 7 1 3 8 2 4*0 15 1
0 . 0 0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 4 . 0 0 2
0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 - . 0 0 6 7 1 3 8 2 - . 0 0 6 7 1 3 8 2 4 . 0 5 2
- . 0 0 6 6 1 8 4 2 - . 0 0 5 8 5 1 9 7 . 0 0 6 2 6 3 1 6 .0 0 6 6 1 8 4 2 . 0 0 6 6 9 0 7 9 4*0 10 2
. 0 0 6 7 1 3 8 2 .0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 .0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 4 . 0 15 2
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XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX SOURCE PROGRAM XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
*1 6  6
10
1000
3000
2000
5000
6000
4000
500
100
2 0 0
1620# FORTRAN I I #  PRODUCE MATRICES FOR DERIVING EQUATIONS OF PRMAT 01
LINEAR SURFACES. PRMAT 02
THEORY FROM W.C.(CRUMBEIN» PROGRAMED BY BETTY BENSON# PRMAT 03
MODIFIED BY W.S.WILSON# JULY 17# 1 9 6 4 . PRMAT 04
DIMENSION X < 4 ) # Y ( 4 ) • EM(4#3>» S( 3*3> PRMAT 05
READ 10# ( X ( I ) * I = 1 # 4 ) PRMAT 06
READ 1 0 ,  ( Y( I ) # I *1#4) PRMAT 07
FORMAT ( 4 F 5 . 0 ) PRMAT 08
DO 1000 L*1 *4 PRMAT 09
EM( L »1) * 1* PRMAT 10
EM( L *2) * X( L ) PRMAT 11
EM(L»3)  * y <L) PRMAT 12
DO 2000 1*1#3 PRMAT 13
DO 2000 J=1 #3 PRMAT 14
S ( 1 » J )  * 0 . 0 PRMAT 15
DO 3000 L* l # 4 PRMAT 16
S ( I # J )  « S ( I # J )  +EM( L» I ) *EM( L »J ) PRMAT 17
CONTINUE PRMAT 18
DO 4 000  X*1#3 PRMAT 19
DIV * S(K#K) PRMAT 20
S ( Kf K)  * 1 . 0 PRMAT 21
DO 5000 J=1 , 3 PRMAT 22
S<K#J)  * $ <K#J ) / DI V PRMAT 23
DO 4000  1*1#3 PRMAT 24
IF  ( I H O  1 #4000# 1 PRMAT 25
DIV * S ( I *X) PRMAT 26
S i I #K> * 0 . 0 PRMAT 27
DO 6000  J * 1#3 PRMAT 28
S ( I , J >  * S i I , J ) - 0 I V * S I K # J ) PRMAT 29
CONTINUE PRMAT 30
PUNCH 500 PRMAT 31
FORMAT ( 50HMATRICES FOR DERIVING EQUATIONS OF LINEAR SURFACES) PRMAT 32
PUNCH 1 0 0 ,  ( ( S < I #J ) i J * l # 3 ) , I * 1 # 3 ) PRMAT 33
FORMAT C6F12.8) PRMAT 34
PUNCH 2 0 0 ,  ( ( EM( L * I ) , L * 1 #4) , I * 1 » 3 ) PRMAT 35
FORMAT ( 1 2 F 6 .2 ) PRMAT 36
END PRMAT 37
* i f  *
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX INPUT XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
o.o 1.0 1.0 o.o rxtii»i*i#4)
0.0 0.0 1.0 1.0 tYlII#1*1.4)
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX OUTPUT XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
MATRICES FOR DERIVING EQUATIONS OF LINEAR SURFACES
.75000000 -.50000000 -.50000000 -.50000000 1.00000000 0.00000000
-.50000000 0.00000000 1.00000000
1 . 0 0  1 . 0 0  1 . 0 0  1 . 0 0  0 . 0 0  1 . 0 0  1 . 0 0  0 . 0 0  0 . 0 0  0 . 0 0  1 . 0 0  1 . 0 0
ammm b
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8 6
9 998
400
402
10
11
20
77
14
403
15
* 8 6
1620 * FORTRAN l i t  LIN EAR- 1N T E RPOLATI ON WAVE REFRACTION PROGRAM* 
ORIGINAL PROGRAM BY GRISWOLDtNAGLEtAND MEHR. THIS PROGRAM ADAPTED 
FROM ORIGINAL BY WIL SON t HA RRIS ON * K RUMBEIN t AND BENSON* 8 / 4 / 6 4 ,  
DIMENSION S ( 3 t 3 )  tEM(4*3)  tE<3> tYVWO) *CMAT( 50 t 51)#C(4) tXLABL(12) 
COMMON S t EM *E * YVW* CMAT t C * XLABL* D »TTt CXY11T * NGO t AMM * ANN *MAX * MIT 
READ 5 * ( ( S ( I * J ) t J = l * 3 ) *1*1*3)
FORMAT( 6 F 1 2• 8 )
READ 7 1 ( ( EM (L * I ) * L = 1 * 4 ) t l = l t 3 )
FORMAT!12F6.2)
NOT * 1
READ 400* XLABL 
FORMAT( 12 A4)
RE AD 402  ♦ MM t NN t CHECK * TT t NO J *D 
FORMAT ( 2 I 4 * F 3 . 0 * 7 X * F 5 . 1 * I 5 t F 4 . 1 )
AMM * MM-1
ANN * NN—1
I F ( CHECK) 10*10*20
READ 11 * ( ( CMAT( I t j ) # I » 1 * M M ) * J = 1 * N N )
FORMAT (5  < F1 0• 8  * 3 X))
GO TO 14 
J  « 1
READ l i t  ( CMAT( I * J )* I « 1 1 MM)
DO 77 J-2#NN 
DO 77 I * 1 1 MM 
CMAT(I t J )  .» CMAT( 1*1)
DO 15 N®1# NOJ 
READ 6 t A• X * Y 
FORMAT ( F 7 . 2 » 2 F 6 . 2 )
MAX * 1
PUNCH 4 0 3 tXLABL*TTtNOTtN*MAX*X*Y*A
FORMAT ( / / / 1 2 A4/ 8HPERIOD =*F5.1*6H SEC. t  t lOH BATCH N0**I3*9H* 
IND.* 13 *1H*/ / 4X 13HMAX* 6 X 11HX *8X *1HY *8X * 5HANGLE *4X *6HPCTDIF t 
2 / 7 1 7  * 2F9* 2 * F l l • 2)
A*A**01745 3 2 9 2 5  
CALL RAYN (X*Y*A)
CONTINUE 
PAUSE
NOT * NOT + 1 
GO TO 9998 
END
SUBROUTINE RAYN <X*Y*A)
RAY
DIMENSION S ( 3 t 3 ) t E M ( 4 * 3 ) t E ( 3 ) t Y V W ( 3 ) t CMAT( 50 t 51) *C(4) tXLABL(12)  
COMMON S ♦EM t E t YVW* CMATt C t XLABL t D t T T * CXY11T♦NGO* AMM * ANN tMAX * MIT 
CALL SURFCE (X*Y*A*FK)
MAX*1+MAX
MAIN
MAIN
MAIN
MAIN
MAIN
RAYN
RAYN
01
02
MAIN 03 
MAIN 04
05
06
07
08
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 09 
MAIN 10 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN
11
12
13
14
15
16
17
18 
19
MAIN 20 
MAIN 21
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 30 
MAIN 31 
MAIN 
MAIN 
MAIN 
MAIN 35 
MAIN 36 
MAIN 37 
MAIN 38 
MAIN 39 
MAIN 40
22
23
24
25
26
27
28 
29
32
33
34
01
02
RAYN 03 
RAYN 04 
RAYN 05 
RAYN 06
12
15
13
8 6
IF (SENSE SWITCH 3) 100*101
100 TYPE 103*MAX
103 FORMAT (4HMAX=*I4)
101 IF (MAX-500) 399 *15*15  
399 CALL MOVE (X*Y*A,FK)
IF (CXY) 15*15*396
396 GO TO ( 3 9 7 * 3 9 5 * 1 5 ) *  MIT 
395 PUNCH 200* MAX
200 FORMAT ( 32HCURVATURE APPROXIMATED FOR MAX = * 14)
397 ANGLE=A*57« 29577951  
XXX = X
YYY * Y
PCTDIF = A B S F ( ( C ( 3 ) - E ( l ) - E ( 2 ) - E ( 3 ) ) / C ( 3 ) )* 100*
CALL ROUND (XXX*100.  )
CALL ROUND ( YYY*100, )
CALL ROUND ( ANGLE * 100*)
CALL ROUND (PCTDIF*10*)
PUNCH 12 »MAX *XXX *YYY *ANGLE *PCTDIF 
FORMAT ( I 7 , 2 F 9 . 2 * F 1 1 * 2 * F 1 0 . 1 )
GO TO ( 3 * 1 5 ) *NGO 
PUNCH 13
FORMAT (12HRAY STOPPED.)
RETURN 
END
SUBROUTINE SURFCE (X*Y*A*FK)
DIMENSION S ( 3 * 3 ) *EM(4 * 3 ) *E(3)*YVW(3)*CMAT(5 0 * 5 1 ) *C( 4 ) * XLABL(12)  
COMMON S * EM*E*YVW♦CMAT *C*XLABL*D*TT *CXY*IT *NGO*AMM* ANN*MAX*MIT 
I=X+1•
J=Y+1.
FI = I 
F J = J
XL=X+1• —FI 
YL=Y+1• —FJ 
IF (MAX-1) 1*1*4 
4 IF ( 2 1 - F I )  1*2*1 
2 IF ( Z J - F J )  1*3*1 
1 ZI = FI 
ZJ = FJ  
C( 1 )*CMAT(I *J )
C( 2 ) = CMAT( I + 1 * J )
C(3)=CMAT(1+1*J + l )
C(4)=CMAT(I*J+1)
DO 318 11=1*3 
YVW(II)  = 0 ,
DO 318 L = 1»4 
318 YVW(II) = YVW(II )*fC(L)*EM(L*II )
DO 319 11=1*3 
E ( I I ) = 0 .
07
08
RAYN 
RAYN 
RAYN 09 
RAYN 10
RAYN 
RAYN 
RAYN 
RAYN 
RAYN 
RAYN 
RAYN 
RAYN 
RAYN 
RAYN 20 
RAYN 21
11
12
13
14
15
16
17
18 
19
RAYN
RAYN
RAYN
RAYN
RAYN
RAYN
RAYN
RAYN
22
23
24
25
26
27
28 
29
RAYN 30
SURFCE01 
SURFCE02 
SURFCE03 
SURFCE04 
SURFCE05 
SURFCE06 
SURFCE07 
SURFCE08 
SURFCE09 
SURFCE10 
SURFCE11 
SURFCE12 
SURFCE13 
SURFCE14 
SURFCE15 
SURFCE16 
SURFCE17 
SURFCE18 
SURFCE19 
SURFCE20 
SURFCE21 
SURFCE22 
SURFCE23 
SURFCE24 
SURFCE25
DO 319 J J « 1 * 3 SURFCE26
319 E ( I I )  « E ( 11 ) + S ( 11 * J  J ) *YVW ( J J ) SURFCE27
3 CXY * E (1)  + E(2)*XL + E(3)*YL SURFCE28
FK * ( E (2 ) * S I N F ( A) *E ( 3 ) *COSFCA) ) /CXY SURFCE29
RE TORN SURFCE30
END SURFCE31
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SUBROUTINE MOVE ( X *Y *A*FK) MOVE 01
MOVE 02
DIMENSION 5 ( 3 * 3 ) *EM(4 * 3 ) * E ( 3 ) ♦ YVW< 3 ) *CMAT( 5 0 * 5 1 ) *C(4)*XLABL(12) MOVE 03
COMMON S * E M ♦ E » YVW * CM A T » C * X L A BL * D * TT * C XY»IT * N GO * AMM*ANN*MAX*MIT MOVE 04
IF (MAX -  2) 1 0 2 * 10 2 *1 0 4 MOVE 05
102 FKBAR®FK MOVE 06
104 MIT * 1 MOVE 07
DO 20 I T - l *20 MOVE 08
39 DELA-FKBAR^D MOVE 09
aa* a+ dela MOVE 10
ABAR®A+.5*DELA MOVE 11
DELX=D*COSF(ABAR) MOVE 12
DELY=D*SINF( ABAR) MOVE 13
XX = X4*DELX MOVE 14
yy=y+ dely MOVE 15
GO TO ( 1 0 1 * 6 ) *  MIT MOVE 16
101 CALL SURFCE ( XX♦YY*AA*FKK) MOVE 17
IF (CXY) 38*38*10 MOVE 18
10 FKBAR * 0 . 5  * (FK + FKK) MOVE 19
IF (SENSE SWITCH 2) 8 9 8 , 8 9 9 MOVE 20
898 TYPE 900* IT *FKBAR MOVE 21
900 FORMAT ( 14 *6 1 ‘4 . 8 ) MOVE 22
899 IF ( I T  -  18) 5*37*9 MOVE 23
37 FKKPP ® FKBAR MOVE 24
5 IF (MAX -  2) 7*7*9 MOVE 25
7 IF ( I T  -  1) 2 0 , 2 0 * 9 MOVE 26
9 IF ( ABSF( FKKP—FKBAR) -  ( 0 . 0 0 0 0 9 / D ) ) 6*6*20 MOVE 27
20 FKKP * FKBAR MOVE 28
IF ( ABSF( FKKPP -  FKBAR) -  ( 0 . 0 0 0 0 9 / D ) ) 18*18*17 MOVE 29
17 MIT * 3 MOVE 30
GO TO 38 MOVE 31
18 FKBAR » 0 . 5  * (FKBAR + FKKP) MOVE 32
MIT » 2 MOVE 33
GO TO 39 MOVE 34
6 NGO * 1 MOVE 35
IF ( < X X - 1 . 0 ) * ( ( AMM-1*0)-XX))2*2*3 MOVE 36
3 IF ( ( YY- 1 • 0 ) * ( ( ANN -1 *0 ) - YY) )2* 2*8 MOVE 37
2 NGO * 2 MOVE 38
8 X ■« XX MOVE 39
Y •  YY MOVE 40
A * AA MOVE 41
FK * FKK MOVE 42
38 RETURN MOVE 43
END MOVE 44
x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x  INPUT x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x
. 7 5 0 0 0 0 0 0 - . 5 0 0 0 0 0 0 0 - . 5 0 0 0 0 0 0 0 - . 5 0 0 0 0 0 0 0 1 . 0 0 0 0 0 0 0 0  0 . 00000000 LI
- . 5 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 1 . 0 0 0 0 0 0 0 0 L2
1 . 0 0  1 . 0 0 1 . 0 0  1 . 0 0 0 . 0 0  1 . 0 0 1 . 0 0  0 . 0 0 0 . 0 0  0 . 0 0  1 . 00 1 . 0 0 L3
1 6 2 0 ,  GRID OFF VA.CAPES, LINEAR INTERP . ,  8 / 5 / 6 4 . XLABL
20 22 0 4 . 0 3 . 5 BATCH 1
0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 4 . 0 0 0
0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 - . 0 0 6 7 1 3 8 2 4 . 0 5 0
- . 0 0 6 6 5 1 3 2 - . 0 0 6 4 6 0 5 3 - . 0 0 4 9 5 3 9 5 . 0 0 6 5 5 5 9 2 . 0 0 6 6 1 8 4 2 4 . 0 10 0
. 0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 4 . 0 15 0
0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 4 . 0 0 1
0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 - . 0 0 6 7 1 3 8 2 4 . 0 5 1
- . 0 0 6 6 5 1 3 2 - . 0 0 6 3 7 1 7 1 . 0 0 4 7 3 6 8 4 • 0 0 6 4 9 6 7 1 . 0 0 6 6 1 8 4 2 4 . 0 10 1
. 0 0 6 7 1 0 5 3 . 0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 4 . 0 15 1
0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 4 . 0 0 2
0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 - . 0 0 6 7 1 3 8 2 - . 0 0 6 7 1 3 8 2 4 . 0 5 2
- . 0 0 6 6 1 8 4 2 - . 0 0 5 8 5 1 9 7 . 0 0 6 2 6 3 1 6 . 0 0 6 6 1 8 4 2 . 0 0 6 6 9 0 7 9 4 . 0 10 2
. 0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 • 0 0 6 7 1 3 8 2 4 . 0 15 2
0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 4 . 0 0 3
0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 - . 0 0 6 7 1 3 8 2 - . 0 0 6 7 1 3 8 2 - . 0 0 6 6 9 0 7 9 4 . 0 5 3
- . 0 0 6 4 6 0 5 3 . 0 0 3 5 4 2 7 6 . 0 0 6 5 7 8 9 5 . 0 0 6 6 9 0 7 9 . 0 0 6 7 1 3 8 2 4*0 10 3
. 0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 • 0 0 6 7 1 3 8 2 4 . 0 15 3
0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 4 . 0 0 4
0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 - . 0 0 6 7 1 3 8 2 - . 0 0 6 7 0 3 9 5 - . 0 0 6 6 6 4 4 7 4*0 5 4
- . 0 0 6 1 2 5 0 0 . 0 0 5 1 4 8 0 3 . 0 0 6 6 5 1 3 2 . 0 0 6 6 9 7 3 7 . 0 0 6 7 1 3 8 2 4 . 0 10 4
. 0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 4 . 0 15 4
0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 4 . 0 0 5
0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 - . 0 0 6 7 1 3 8 2 - . 0 0 6 7 0 3 9 5 - . 0 0 6 6 1 8 4 2 4 . 0 5 5
- . 0 0 4 9 5 3 9 5 . 0 0 6 3 7 1 7 1 . 0 0 6 6 1 8 4 2 . 0 0 6 7 1 3 8 2 ♦00671382 4*0 10 5
. 0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 4*0 15 5
0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 4 . 0 0 6
0 . 0 0 0 0 0 0 0 0 - . 0 0 6 7 1 3 8 2 - . 0 0 6 7 0 3 9 5 - . 0 0 6 6 6 4 4 7 - . 0 0 6 4 9 6 7 1 4 . 0 5 6
. 0 0 4 2 2 0 3 9 . 0 0 6 6 0 1 9 7 . 0 0 6 6 9 0 7 9 . 0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 4 . 0 10 6
. 0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 4 . 0 15 6
0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 4 . 0 0 7
0 . 0 0 0 0 0 0 0 0 - . 0 0 6 6 9 7 3 7 - . 0 0 6 6 9 7 3 7 - . 0 0 6 6 6 4 4 7 - . 0 0 6 1 2 5 0 0 4 . 0 5 7
. 0 0 5 3 1 9 0 8 . 0 0 6 6 6 4 4 7 . 0 0 6 7 0 3 9 5 . 0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 4 . 0 10 7
. 0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 4 . 0 15 7
0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 4 . 0 0 8
0 . 0 0 0 0 0 0 0 0 - . 0 0 6 6 9 7 3 7 - . 0 0 6 6 8 4 2 1 - . 0 0 6 6 5 1 3 2 - . 0 0 4 9 5 3 9 5 4 . 0 5 8
. 0 0 6 5 5 5 9 2 *00666447 . 0 0 6 6 9 7 3 7 . 0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 4 . 0 10 8
. 0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 4 . 0 15 8
0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 4 . 0 0 9
- . 0 0 6 6 9 7 3 7 - . 0 0 6 6 6 4 4 7 - . 0 0 6 6 5 1 3 2 - . 0 0 6 5 2 6 3 2 . 0 0 3 9 0 4 6 1 4 . 0 5 9
. 0 0 6 6 3 4 8 7 . 0 0 6 6 8 4 2 1 . 0 0 6 6 9 7 3 7 . 0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 4 . 0 10 9
. 0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 4 . 0 15 9
0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 4 . 0 0 10
- . 0 0 6 6 9 0 7 9 - . 0 0 6 6 6 4 4 7 - . 0 0 6 6 5 1 3 2 - . 0 0 6 1 9 7 3 7 . 0 0 5 3 1 9 0 8 4 . 0 5 10
. 0 0 6 6 5 1 3 2 . 0 0 6 6 8 4 2 1 . 0 0 6 7 0 3 9 5 . 0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 4 . 0 10 10
. 0 0 6 6 8 4 2 1 . 0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 . 0 0 6 7 1 3 8 2 4*0 15 10
*  $ 0  **
0 . 0 0 0 0 0 0 0 0  
- . 0 0 6 6 7 4 3 4  
. 0 0 6 6 5 1 3 2  
. 0 0 6 7 1 3 8 2  
0 . 0 0 0 0 0 0 0 0  
- . 0 0 6 6 6 4 4 7  
. 0 0 6 6 5 1 3 2  
. 0 0 6 6 9 7 3 7  
0 . 0 0 0 0 0 0 0 0  
- . 0 0 6 6 5 1 3 2  
. 0 0 6 6 7 4 3 4  
. 0 0 6 6 9 7 3 7  
0 . 0 0 0 0 0 0 0 0  
- . 0 0 6 5 5 5 9 2  
. 0 0 6 6 5 1 3 2  
• 00 669 0 79  
0 . 0 0 0 0 0 0 0 0  
- . 0 0 6 4 9 6 7 1  
. 0 0 6 6 5 1 3 2  
. 0 0 6 7 1 3 8 2  
0 . 0 0 0 0 0 0 0 0  
- . 0 0 6 4 6 0 5 3  
. 0 0 6 6 1 8 4 2  
. 0 0 6 7 1 3 8 2  
0 . 0 0 0 0 0 0 0 0  
- . 0 0 6 4 9 6 7 1  
. 0 0 6 6 5 1 3 2  
. 0 0 6 7 1 3 8 2  
0 . 0 0 0 0 0 0 0 0  
- . 0 0 6 4 9 6 7 1  
. 0 0 6 6 7 4 3 4  
. 0 0 6 7 1 3 8 2  
0 . 0 0 0 0 0 0 0 0  
- . 0 0 6 4 9 6 7 1  
. 0 0 6 6 5 1 3 2  
. 0 0 6 7 1 3 8 2  
0 . 0 0 0 0 0 0 0 0  
- . 0 0 6 4 1 7 7 6  
. 0 0 6 6 3 4 8 7  
. 0 0 6 7 1 3 8 2  
0 • 0 0 0 0 0 0 0 0  
- . 0 0 6 3 7 1 7 1  
. 0 0 6 6 5 1 3 2  
. 0 0 6 7 1 3 8 2
1 2 0 . 0  14*
1 2 0 . 0  1 5 .
1 2 0 . 0  16*
0 . 0 0 0 0 0 0 0 0  
- . 0 0 6 6 6 4 4 7  
. 0 0 6 6 6 4 4 7  
. 0 0 6 7 1 3 8 2  
0 . 0 0 0 0 0 0 0 0  
- . 0 0 6 6 5 1 3 2  
. 0 0 6 6 7 4 3 4  
. 0 0 6 7 1 3 8 2  
0 . 0 0 0 0 0 0 0 0  
- . 0 0 6 6 1 8 4 2  
. 0 0 6 6 6 4 4 7  
. 0 0 6 7 1 0 5 3  
0 . 0 0 0 0 0 0 0 0  
- . 0 0 6 4 1 7 7 6  
. 0 0 6 6 7 4 3 4  
. 0 0 6 7 1 0 5 3  
0 . 0 0 0 0 0 0 0 0  
- . 0 0 6 3 7 1 7 1  
. 0 0 6 6 7 4 3 4  
. 0 0 6 7 1 3 8 2  
0 . 0 0 0 0 0 0 0 0  
- . 0 0 6 2 6 3 1 6  
. 0 0 6 6 7 4 3 4  
. 0 0 6 7 1 3 8 2  
0 . 0 0 0 0 0 0 0 0  
- . 0 0 6 2 6 3 1 6  
. 0 0 6 6 9 0 7 9  
. 0 0 6 7 1 3 8 2  
0 . 0 0 0 0 0 0 0 0  
- . 0 0 5 8 5 1 9 7  
. 0 0 6 6 8 4 2 1  
. 0 0 6 7 1 3 8 2  
0 . 0 0 0 0 0 0 0 0  
- . 0 0 4 2 2 0 3 9  
. 0 0 6 6 6 4 4 7  
. 0 0 6 7 1 3 8 2  
0 . 0 0 0 0 0 0 0 0  
0 . 0 0 0 0 0 0 0 0  
. 0 0 6 6 5 1 3 2  
. 0 0 6 7 1 3 8 2  
0 . 0 0 0 0 0 0 0 0  
. 0 0 5 4 7 3 6 8  
. 0 0 6 6 7 4 3 4  
. 0 0 6 7 1 3 8 2  
50 0 2 . 5 0  
36 0 2 . 9 9  
22 0 3 . 4 9
0 . 0 0 0 0 0 0 0 0  
- . 0 0 6 5 2 6 3 2  
. 0 0 6 6 9 7 3 7  
. 0 0 6 7 1 3 8 2  
0 . 0 0 0 0 0 0 0 0  
- . 0 0 6 4 9 6 7 1  
. 0 0 6 7 1 0 5 3  
. 0 0 6 7 1 3 8 2  
0 . 0 0 0 0 0 0 0 0  
- . 0 0 6 2 6 3 1 6  
. 0 0 6 6 9 0 7 9  
. 0 0 6 7 1 3 8 2  
0 . 0 0 0 0 0 0 0 0  
- . 0 0 5 8 5 1 9 7  
. 0 0 6 7 0 3 9 5  
. 0 0 6 7 1 3 8 2  
0 . 0 0 0 0 0 0 0 0  
- . 0 0 2 5 7 2 3 7  
. 0 0 6 6 9 0 7 9  
• 0067 138 2  
0 . 0 0 0 0 0 0 0 0  
. 0 0 5 1 4 8 0 3  
. 0 0 6 6 9 0 7 9  
. 0 0 6 7 1 3 8 2  
0 . 0 0 0 0 0 0 0 0  
. 0 0 5 4 7 3 6 8  
. 0 0 6 7 0 3 9 5  
. 0 0 6 7 1 3 8 2  
0 . 0 0 0 0 0 0 0 0  
. 0 0 6 3 7 1 7 1  
. 0 0 6 6 9 7 3 7  
. 0 0 6 7 1 3 8 2  
0 . 0 0 0 0 0 0 0 0  
. 0 0 6 4 9 6 7 1  
. 0 0 6 7 1 0 5 3  
. 0 0 6 7 1 3 8 2  
- . 0 0 6 6 3 4 8 7  
. 0 0 6 5 5 5 9 2  
. 0 0 6 6 9 0 7 9  
. 0 0 6 7 1 3 8 2  
- . 0 0 6 6 0 1 9 7  
. 0 0 6 5 5 5 9 2  
. 0 0 6 7 0 3 9 5  
. 0 0 6 7 1 3 8 2
0 . 0 0 0 0 0 0 0 0
- . 0 0 5 4 7 3 6 8
. 0 0 6 7 1 3 8 2
. 0 0 6 7 1 3 8 2
0 . 0 0 0 0 0 0 0 0
. 0 0 2 5 7 2 3 7
. 0 0 6 7 1 3 8 2
. 0 0 6 7 1 3 8 2
0 . 0 0 0 0 0 0 0 0
. 0 0 5 1 4 8 0 3
. 0 0 6 7 1 3 8 2
. 0 0 6 7 1 3 8 2
0 . 0 0 0 0 0 0 0 0
. 0 0 6 3 7 1 7 1
. 0 0 6 7 1 3 8 2
. 0 0 6 7 1 3 8 2
- . 0 0 6 6 8 4 2 1
. 0 0 6 4 6 0 5 3
. 0 0 6 7 1 0 5 3
. 0 0 6 7 1 3 8 2
- . 0 0 6 6 5 1 3 2
. 0 0 6 5 5 5 9 2
. 0 0 6 7 1 3 8 2
. 0 0 6 7 1 3 8 2
- . 0 0 6 6 3 4 8 7
. 0 0 6 6 0 1 9 7
. 0 0 6 7 1 3 8 2
. 0 0 6 7 1 3 8 2
- . 0 0 6 6 0 1 9 7
. 0 0 6 5 2 6 3 2
. 0 0 6 7 0 3 9 5
. 0 0 6 7 1 3 8 2
- . 0 0 6 5 7 8 9 5
. 0 0 6 5 2 6 3 2
. 0 0 6 7 1 3 8 2
. 0 0 6 7 1 3 8 2
- . 0 0 6 5 5 5 9 2
. 0 0 6 5 5 5 9 2
. 0 0 6 7 1 3 8 2
. 0 0 6 7 1 3 8 2
- . 0 0 6 5 5 5 9 2
. 0 0 6 5 5 5 9 2
. 0 0 6 7 1 3 8 2
. 0 0 6 7 1 3 8 2
. 0 0 0 0 0 0 0 0
. 0 0 6 4 9 6 7 1
. 0 0 6 6 9 0 7 9
. 0 0 6 7 1 3 8 2
. 0 0 6 6 9 0 7 9
. 0 0 6 5 7 8 9 5
. 0 0 6 6 9 0 7 9
. 0 0 6 7 1 3 8 2
. 0 0 6 6 6 4 4 7
. 0 0 6 6 1 8 4 2
. 0 0 6 6 9 7 3 7
. 0 0 6 7 1 3 8 2
. 0 0 6 6 9 7 3 7
. 0 0 6 6 1 8 4 2
. 0 0 6 7 1 3 8 2
. 0 0 6 7 1 3 8 2
. 0 0 6 6 1 8 4 2
. 0 0 6 5 7 8 9 5
. 0 0 6 7 1 3 8 2
. 0 0 6 7 1 3 8 2
. 0 0 6 5 7 8 9 5
. 0 0 6 5 7 8 9 5
. 0 0 6 7 1 3 8 2
. 0 0 6 7 1 3 8 2
. 0 0 6 5 7 8 9 5
. 0 0 6 6 0 1 9 7
. 0 0 6 7 1 3 8 2
. 0 0 6 7 1 3 8 2
. 0 0 6 5 7 8 9 5
. 0 0 6 6 1 8 4 2
. 0 0 6 7 1 3 8 2
. 0 0 6 7 1 3 8 2
. 0 0 6 5 5 5 9 2
. 0 0 6 6 0 1 9 7
. 0 0 6 7 1 3 8 2
. 0 0 6 7 1 3 8 2
. 0 0 6 5 2 6 3 2
. 0 0 6 5 5 5 9 2
. 0 0 6 7 1 3 8 2
. 0 0 6 7 1 3 8 2
. 0 0 6 4 9 6 7 1
. 0 0 6 5 5 5 9 2
. 0 0 6 7 1 3 8 2
. 0 0 6 7 1 3 8 2
4 . 0 0 11
4 . 0 5 11
4 . 0 10 11
4 . 0 15 11
4 . 0 0 12
4 . 0 5 12
4 . 0 10 12
4 . 0 15 12
4 . 0 0 13
4 . 0 5 13
4 . 0 10 13
4 . 0 15 13
4 . 0 0 14
4 . 0 5 14
4 . 0 10 14
4 . 0 15 14
4 . 0 0 15
4 . 0 5 15
4 . 0 10 15
4 . 0 15 15
4 . 0 0 16
4 . 0 5 16
4 . 0 10 16
4 . 0 15 16
4 . 0 0 17
4 . 0 5 17
4 . 0 10 17
4 . 0 15 17
4 . 0 0 18
4 . 0 5 18
4 . 0 ' 10 18
4 . 0 15 18
4 . 0 0 19
4 . 0 5 19
4 . 0 10 19
4 . 0 15 19
4 . 0 0 20
4 . 0 5 20
4 . 0 10 20
4 . 0 15 20
4 .(0 0 21
4 . 0 5 21
4 . 0 10 21
4 . 0 15 21
RAY 1
RAY 2
RAY 3
*  *
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX OUTPUT x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x
1620* GRID OFF VA.CAPES* LINEAR INTERP. * 8 / 1 6 / 6 4 *
PERIOD = 4 . 0  SEC.* BATCH NO. 1* RAY NO. 1 .
MAX X Y ANGLE PCTDIF
1 1 4 . 5 0 2 . 5 0 1 2 0 . 0 0
2 1 4 . 2 5 2 . 9 3 1 2 0 . 0 7 • 1
3 1 4 . 0 0 3 . 3 7 1 2 0 . 1 4 0 . 0
4 1 3 . 7 5 3 . 8 0 1 2 0 . 2 2 0 . 0
5 1 3 . 5 0 4 . 2 3 1 2 0 . 2 8 . 1
6 1 3 . 2 4 4 . 6 6 1 2 0 . 3 3 • 1
7 1 2 . 9 9 5 . 0 9 1 2 0 . 5 1 • 3
8 1 2 . 7 4 5 . 5 2 1 2 0 . 8 0 .  3
9 1 2 . 4 8 5 . 9 5 1 2 1 . 1 0 . 3
10 1 2 . 2 2 6 . 3 8 1 2 1 . 2 8 0 . 0
11 1 1 . 9 6 6 . 8 1 1 2 1 . 4 8 . 2
12 1 1 . 7 0 7 . 2 3 1 2 1 . 7 0 0 . 0
13 1 1 . 4 3 7 . 6 6 1 2 1 . 8 3 0 . 0
14 1 1 . 1 7 8 . 0 8 1 2 1 . 9 4 . 1
15 1 0 . 9 0 8 . 5 1 1 2 2 . 1 9 . 2
16 1 0 . 6 4 8 . 9 3 1 2 2 . 5 9 . 2
17 1 0 . 3 7 9 . 3 5 1 2 2 . 8 8 .  1
18 1 0 . 0 9 9 . 7 7 1 2 3 . 0 5 .  1
19 9 . 8 1 1 0 . 1 8 1 2 5 . 2 7 4 . 4
20 9 . 5 1 1 0 . 5 8 1 2 9 . 5 6 4 . 4
21 9 . 1 8 1 0 . 9 5 1 3 3 . 8 5 4 . 4
22 8. 75 . 1 1 . 2 2 1 6 2 . 4 7 3 0 . 3
STOPPED>.
1620* GR ID OFF VA. CAPES* L INEAR INTERP • * 8 / 1 6 / 6 4
PERIOD = 4 . 0  SEC. * BATCH NO. 1* RAY NO. 2 .
MAX X Y ANGLE PCTDIF
1 1 5 . 3 6 2 . 9 9 1 2 0 . 0 0
2 1 5 . 1 1 3 . 4 2 1 2 0 . 0 0 0 . 0
3 1 4 . 8 6 3 . 8 6 1 2 0 . 0 0 0 . 0
4 1 4 . 6 1 4 . 2 9 1 2 0 . 0 0 0 . 0
5 1 4 . 3 6 4 . 7 2 1 2 0 . 0 0 0 . 0
6 1 4 . 1 1 5 . 1 6 1 2 0 . 0 0 0 . 0
7 1 3 . 8 6 5 . 5 9 1 2 0 . 0 0 0 . 0
8 1 3 . 6 1 6 . 0 2 1 2 0 . 0 0 0 . 0
9 1 3 . 3 6 6 . 4 5 1 2 0 . 0 0 0 . 0
10 1 3 . 1 1 6 . 8 9 1 2 0 . 0 0 0 . 0
11 1 2 . 8 6 7 . 3 2 1 2 0 . 0 2 0 . 0
12 1 2 . 6 1 7 . 7 5 1 2 0 . 0 6 0 . 0
13 1 2 . 3 6 8 . 1 9 1 2 0 . 1 1 0 . 0
** S3 **■
14 1 2 . 1 1 8 . 6 2 1 2 0 . 1 7 0 . 0
15 1 1 . 8 6 9 . 0 5 1 2 0 . 2 4 0 . 0
16 1 1 . 6 0 9 . 4 8 1 2 0 . 3 0 0 . 0
17 1 1 . 3 5 9 . 9 1 1 2 0 . 3 7 0 . 0
18 1 1 . 1 0 1 0 . 3 4 1 2 0 . 4 4 0 . 0
19 1 0 . 8 5 1 0 . 7 8 1 2 0 . 5 1 .  1
20 1 0 . 5 9 1 1 . 2 1 1 2 0 . 5 7 0 . 0
21 1 0 . 3 4 1 1 . 6 4 1 2 0 . 6 5 0 . 0
22 1 0 . 0 8 1 2 . 0 7 1 2 0 . 7 1 . 1
23 9 . 8 3 1 2 . 5 0 1 2 0 . 8 8 .  1
24 9 . 5 7 1 2 . 9 2 1 2 1 . 1 9 . 1
25 9 . 3 1 1 3 . 3 5 1 2 1 . 4 1 . 1
26 9 . 0 5 1 3 . 7 8 1 2 1 . 5 5 • 1
27 8 . 7 8 1 4 . 2 0 1 2 1 . 9 8 . 5
28 8 . 5 2 1 4 . 6 3 1 2 2 . 7 2 . 5
29 8 . 2 4 1 5 . 0 4 1 2 3 . 2 7 • 4
30 7 . 9 1 1 5 . 4 2 1 3 9 . 3 3 2 9 . 1
31 7 . 4 6 1 5 . 6 3 1 7 1 . 1 3 2 9 . 1
RAY STOPPED.
1620* GRID OFF VA.CAPES* LINEAR INTERP.* 8 / 1 6 / 6 4 .  
PERIOD = 4 . 0  SEC.* BATCH NO. 1* RAY NO. 3 .
MAX X Y ANGLE PCTDIF
1 1 6 . 2 2 3 . 4 9 1 2 0 . 0 0
2 1 5 . 9 7 3 . 9 2 1 2 0 . 0 0 0 . 0
3 1 5 . 7 2 4 . 3 6 1 2 0 . 0 0 0 . 0
4 1 5 . 4 7 4 . 7 9 1 2 0 . 0 0 0 . 0
5 1 5 . 2 2 5 . 2 2 1 2 0 . 0 0 0 . 0
6 1 4 . 9 7 5 . 6 6 1 2 0 . 0 0 0 . 0
7 1 4 . 7 2 6 . 0 9 1 2 0 . 0 0 0 . 0
8 1 4 . 4 7 6 . 5 2 1 2 0 . 0 0 0 . 0
9 1 4 . 2 2 6 . 9 5 1 2 0 . 0 0 0 . 0
10 1 3 . 9 7 7 . 3 9 1 2 0 . 0 0 0 . 0
11 1 3 . 7 2 7 . 8 2 1 2 0 . 0 0 0 . 0
12 1 3 . 4 7 8 . 2 5 1 2 0 . 0 0 0 . 0
13 1 3 . 2 2 8 . 6 9 1 2 0 . 0 0 0 . 0
14 1 2 . 9 7 9 . 1 2 1 2 0 . 0 3 0 . 0
15 1 2 . 7 2 9 . 5 5 1 2 0 . 0 8 0 . 0
16 1 2 . 4 7 9 . 9 8 1 2 0 . 1 4 0 . 0
17 1 2 . 2 2 1 0 . 4 2 1 2 0 . 1 9 0 . 0
18 1 1 . 9 7 1 0 . 8 5 1 2 0 . 2 4 0 . 0
19 1 1 . 7 1 1 1 . 2 8 1 2 0 . 3 5 0 . 0
20 1 1 . 4 6 1 1 . 7 1 1 2 0 . 5 1 0 . 0
21 1 1 . 2 1 1 2 . 1 4 1 2 0 . 6 2 0 . 0
22 1 0 . 9 5 1 2 . 5 7 1 2 0 . 6 8 . 1
23 1 0 . 7 0 1 3 . 0 0 1 2 0 . 7 1 • 1
24 1 0 . 4 4 1 3 . 4 3 1 2 0 . 7 2 .  1
■** § 0  « ■
25 1 0 . 1 9 13 .
26 9 . 9 3 14 .
27 9 . 6 7 14 .
28 9 . 4 1 15 .
29 9 . 1 6 15 .
30 8 . 9 0 16.
31 8 . 6 3 16 .
32 8 . 3 7 16 .
33 8 . 1 1 1 7 .
34 7 . 8 4 17 .
35 7 . 5 6 18 .
36 7 . 2 6 18 .
37 6 . 9 1 18 .
RAY STOPPED.
1 2 0 . 7 3
1 2 0 . 8 1
1 2 0 . 9 6
1 2 1 . 1 2
1 2 1 . 2 9
1 2 1 . 4 4
1 2 1 . 5 6
1 2 1 . 6 8
1 2 1 . 7 9
1 2 3 . 5 1  3
1 2 5 . 4 2
1 2 5 . 9 2
1 4 4 . 5 9  5
86
29
72
15
58
00
43
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70
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52
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XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX SOURCE PROGRAM XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
ISFTC MAIN MAIN
7094 » FORTRAN IV* LI NEAR- 1 NT ER POLA TION WAVE REFRACTION PROGRAM. MAIN 
ORIGINAL PROGRAM BY GRISWOLD *NAGLE * AND MEHR. THIS PROGRAM ADAPTED MAIN 
FROM ORIGINAL BY WILSON.HARR I SON *KRUMBEIN ♦ AND BENSON. 8 / 4 / 6 4 .  MAIN
DIMENSION S ( 3 * 3 ) *EM(4*3)*E(  3 ) *YVW(3)*CMAT( 1 0 0 # 8 2 ) *C(4)*XLA8L(12)  MAIN 
COMMON S * EM * E * YVW * CMAT * C MAIN
COMMON XLABL * D * TT ♦ CXY * IT ♦ NGO MAIN
COMMON AMM * ANN » MAX ♦ NOT * N * MIT MAIN
READ ( 5 *5 )  ( ( S ( I * J ) ♦ J= 1 * 3 ) * I r  1 * 3 ) MAIN
5 FORMAT( 6 F 1 2 . 8) MAIN
READ ( 5 * 7 )  ( ( EM( L * I ) *La l *4) *1*1*3)  MAIN
7 FORMAT(12F6.2)  MAIN
READ ( 5 * 5 0 0 )  NOTT MAIN
500 FORMAT ( 1 3 )  MAIN
DO 399 NOT*l*NOTT MAIN
READ ( 5 * 4 0 0 )  XLABL MAIN
400 FORMAT (12A6) MAIN
READ ( 5 * 4 0 2 )  MM * NN * CHE C K *T T »NOJ»D MAIN
402 FORMAT ( 2 I 4 * F 3 . 0 * 7 X * F 5 . 1 ♦ I 5 * F 4 . 1 ) MAIN
AMM * MM-1 MAIN
ANN = NN-1 MAIN
I F ( CHECK) 10 *10*20  MAIN
10 READ ( 5 * 1 1 )  ( ( CMAT( I *J )* I * 1 *MM) * J=1»NN) MAIN
11 FORMAT ( 5 ( F 1 0 . 8  *3X))  MAIN
GO TO 14 MAIN
20 J  = 1 MAIN
READ ( 5 * 1 1 )  ( CMA T <I * J )* I *1 * MM) MAIN
DO 77 J=2  *NN MAIN
DO 77 1 * 1 *MM MAIN
77 CMAT ( I * J ) * CMAT( 1 * 1)  MAIN
14 DO 15 N * 1 * NOJ MAIN
READ ( 5 * 6 )  A *X * Y MAIN
6 FORMAT ( F 7 . 2  * 2 F 6 . 2)  MAIN
MAX * 1 MAIN
WRITE ( 6 * 4 0 3 )  XLABL*TT*NOT *N*MAX *X *Y*A MAIN
403 FORMAT (1H1*12A6/9H PERIOD *>F5 .1*6H SEC.**10H BATCH NO.»I3*9H* RAMAIN
1Y N O . * I 3 * 1 H . / / 4 X *  3HMAX *6X *1HX*8X*1HY*8X * 5HANGLE »4X * 6HPCTDIF/ /  MAIN
2 1 7 * 2 F 9 . 2 * F 1 1 . 2 )  MAIN
A=A*.0 1 7 4 5 32 9 25  MAIN
CALL RAYN (X»Y*A) MAIN
15 CONTINUE MAIN
399 CONTINUE MAIN
WRITE ( 6 * 9 9 9 9 )  MAIN
9 999  FORMAT ( I8H1 THIS IS THE END.) MAIN
CALL EXIT MAIN
STOP MAIN
END MAIN
01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
4 7
w 
n 
w
o
S f  **
IBFTC
399
396 
395 
200
397
5
7
12
15
13
RAYN RAYN 01
SUBROUTINE RAYN (X.Y.A) RAYN 02
DIMENSION S ( 3 * 3 ) * E M ( 4 . 3 ) * E ( 3 ) *YVW(3).CMAT( 1 0 0 . 8 2 ) . C ( 4 > .XLABL(12> RAYN 03
COMMON S » EM . E . YVW . CMAT » C RAYN 04
COMMON XLABL » D * TT . CXY . IT * NGO RAYN 05
COMMON AMM * ANN * MAX . NOT • N . MIT RAYN 06
CALL SURFCE (X.Y. A.FK) RAYN 07
MAX-1+MAX RAYN 08
IF (MAX -  800)  3 9 9 . 1 5 . 1 5 RAYN 09
CALL MOVE (X.Y.A * FK) RAYN 10
IF (CXY) 1 5 . 1 5 . 3 9 6 RAYN 11
GO TO ( 3 9 7 . 3 9 5 . 1 5 ) .  MIT RAYN 12
PUNCH 2 0 0 .  MAX RAYN 13
FORMAT( 33H CURVATURE APPROXIMATED FOR MAX = * 14) RAYN 14
ANGLE=A*57.29577951 RAYN 15
I F ( MOD( MAX. 4 0 ) )  2 0 . 5 . 2 0 RAYN 16
WRITE ( 6 . 7 )  XLABL.TT.NOT.N RAYN 17
FORMAT ( 1H1 . 1 2A6/9H PERIOD = .F 5* 1 . 6H SEC *♦ ♦10H BATCH NO*. 1 3 . 9H. RARAYN 18
Y NO* » I 3 . 1 H . / / 4 X . 3 H M A X . 6 X . 1 H X . 8 X , 1HY »8X. 5HANGLE.4X. 6 H PC T D I F / / ) RAYN 19
PCTDIF * ABSF(( C ( 3 ) - E ( 1 ) - E ( 2 ) - E ( 3 ) ) / C ( 3 ) ) * 1 0 0 . RAYN 20
WRITE ( 6 . 1 2 )  MAX »X »Y. ANGLE.PCTDIF RAYN 21
FORMAT ( I 7 . 2 F 9 * 2 . F 1 1 * 2 . F 1 0 * 1 ) RAYN 22
GO TO ( 3 . 1 5 ) .NGO RAYN 23
WRITE ( 6 . 1 3 ) RAYN 24
FORMAT ( 13H RAY STOPPED.) RAYN 25
RETURN RAYN 26
END RAYN 27
IBFTC SURFCE
SUBROUTINE SURFCE (X. Y. A. FK)
DIMENSION S ( 3 » 3 ) * E M < 4 . 3 ) . E ( 3 ) * Y V W ( 3 )  .CMAT(1 0 0 > 8 2 ) »C(4) .XLABL(12)
COMMON S * EM . E » YVW . CMAT . C
COMMON XLABL » D . TT » CXY . IT . NGO
COMMON AMM . ANN . MAX . NOT . N » MIT
I=X+1.
J=Y+1.
F I = I 
F J = J
XL=X+1. -FI  
YL=Y+1.^FJ  
IF (MAX-1) 1 . 1 . 4  
IF ( Z I - F I )  1 * 2 . 1  
IF ( Z J - F J )  1 . 3 * 1  
ZI * FI 
ZJ = FJ  
C ( 1 ) - C M A T ( I . J )  
C ( 2 ) = C M A T ( I + l . J )
C( 3 ) = CMAT( I+ l . J+ 1)  
C( 4 ) “ CMAT( I * J + l )
SURFCE01 
SURFCE02 
SURFCE03 
SURFCE04 
SURFCE05 
SURFCE06 
SURFCE07 
SURFCE08 
SURFCE09 
SURFCE10 
SURFCE11 
SURFCE12 
SURFCE13 
SURFCE14 
SURFCE15 
SURFCE16 
SURFCE17 
SURFCE18 
SURFCE19 
SURFCE20 
SURFCE21
w 
r\
-#» 3i8 #**
DO 318 11*1#3 
YVW t I I )  * 0 .
DO 318 L =l » 4
318 YVW( I ! )  * YVW( 1 1 ) + C ( L ) * E M < L * I I )
DO 319 11 = 1 #3
E( I I ) * 0*
DO 319 J J * 1*3
319 E ( I I )  = E ( 1 1 1+ S( 11 *J J )*Y VW ( J J )
3 CXY * E d )  4 E(2)*XL + E(3)*YL
FK = ( E ( 2 ) * S I N ( A ) - E ( 3 ) * C O S ( A ) ) / C X Y
RETURN
END
IBFTC MOVE
SUBROUTINE MOVE ( X * Y * A * F K)
DIMENSION S ( 3 * 3 ) *EM(4*3)*E(3)*YVW(3)*CMAT(100*82 
COMMON S » EM * E * YVW * CMAT
COMMON XLABL * D * TT » CXY * IT
COMMON AMM * ANN * MAX * NOT * N
IF (MAX -  2) 1 0 2 * 1 02 * 10 4  
102 FKBAR=FK 
104 MIT * 1
DO 20 IT = 1#20 
39 DELA=FKBAR*D 
AA=A+D€LA 
ABAR=A+. 5*DELA 
DELX * D*COS( ABAR)
DELY = D*SIN( ABAR)
XX=X+DELX
YY=Y+DELY
GO TO ( 1 0 1 * 6 ) *  MIT 
101 CALL SURFCE (XX*YY*AA*FKK)
IF (CXY) 38*38*10  
10 FKBAR * 0 . 5  * (FK + FKK)
IF ( IT  -  18) 5 *37*9  
37 FKKPP * FKBAR
5 IF (MAX -  2) 7*7*9
7 IF ( IT  -  1) 2 0*20*9
9 IF (ABS ( FKKP-FKBAR) -  ( 0 . 0 0 0 0 9 / D ) ) 6*6*20  
20 FKKP = FKBAR
IF (ABS (FKKPP -  FKBAR) -  ( 0 . 0 0 0 0 9 / D ) ) 18*18*17
17 MIT = 3 
GO TO 38
18 FKBAR * 0 . 5  * (FKBAR + FKKP)
MIT = 2
GO TO 39
6 NGO = 1
IF ( ( XX-1 • Q) * ( ( AMM*- 1 . 0 ) —XX )■) 2 * 2 * 3 
3 IF ( ( Y Y - 1 . 0 ) * ( t A N N - 1 . 0 ) ^ Y Y ) ) 2 » 2 * 8  
2 NGO * 2
8 X * XX 
Y = YY
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A * AA 
FK * FKK 
38 RETURN 
END
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